adoption of a healthy lifestyle that includes physical activity are encouraged by pediatric professional medical organizations, including the American Society of Pediatric Hematology and Oncology, the International Society of Pediatric Oncology, and the American Academy of Pediatrics. 1, 2 In the general population, physical activity decreases the risk of both all-cause mortality and mortality related to cardiovascular disease [3] [4] [5] [6] [7] [8] and is associated inversely with the risk of developing breast, 9,10 endometrial, 9 colon, [11] [12] [13] and lung cancers. 14, 15 Physical activity also is associated with a decreased risk of developing dyslipidemia and insulin resistance, 16 osteoporosis, [17] [18] [19] and cognitive decline. 20, 21 An active lifestyle has demonstrated benefits even among those who have substantial functional loss. [22] [23] [24] Some evidence exists to support the contention that a healthy lifestyle that includes an adequate amount of physical activity has the potential to prevent or attenuate many of the long-term problems experienced by childhood cancer survivors. 25 Late effects that have been associated with an inactive lifestyle include early mortality, 26 cardiovascular disease, 27 lipid abnormalities, 28 osteoporosis, 28 cognitive decline, 29 and physical performance limitations. 30 Because of the heterogeneous nature of histologies and treatments experienced by childhood cancer survivors, there is a need to provide a comprehensive documentation of specific risk factors for an inactive lifestyle in this population. Certain groups of cancer survivors may benefit from targeted interventions that address their unique limitations so they can modify their lifestyle choices. Others may have treatment-related late effects that are amenable to existing programs designed to improve physical health, such as those that target obesity, 31 diabetes, 32, 33 or cardiovascular disease. 34 This report documents the physical activity patterns in the Childhood Cancer Survivor Study (CCSS) cohort, compares physical activity patterns between survivors and siblings, and evaluates the association between diagnosis, treatment, and demographic/personal factors and risk for inactive lifestyle. For external validation of the use of the sibling comparison group, physical activity patterns among both siblings and survivors are compared with an age-and sexmatched population reference group from the Behavioral Risk Factor Surveillance Survey (BRFSS). These analyses are designed to provide initial information for the eventual development of evidence-based, risk-based guidelines and interventions for physical activity promotion among long-term childhood cancer survivors.
MATERIALS AND METHODS

Sample
Details of the CCSS study have been published elsewhere. 35 
Outcome of Interest
The primary outcome of interest for these analyses was activity status indicated on the 2003 CCSS Questionnaire. On the basis of participants' answers to 6 questions from the BRFSS 36 about physical activity and 1 question about participation in physical activity over the past month ( Fig. 1) , this outcome was summarized as 1) a binary variable that classified the participant as an individual who either met or did not meet the Centers of Disease Control and Prevention (CDC) guidelines for physical activity (30 minutes of moderate intensity physical activity on 5 days of the week or 20 minutes of vigorous intensity physical activity on 3 days of the week), 37 and 2) a binary variable that classified an inactive lifestyle if the participant indicated that they did not participate in any leisure-time physical activity over the past month. In addition, a 3-to-1 population-based sample was selected that was frequency matched on age and sex from individuals who 
Statistics
Descriptive statistics were calculated for demographic and personal factors and were compared between survivors and siblings. The frequencies and percentages of survivors and siblings who did not meet CDC guidelines for physical activity and who reported an inactive lifestyle were compared in separate multivariate models, which were adjusted for demographic and personal factors. The proportion of survivors within each cancer diagnosis by sex stratification who did not meet CDC guidelines for physical activity and who reported an inactive lifestyle also were compared with the proportion of siblings in separate, ageadjusted models. All comparisons between survivors and siblings used relative risk regression models (generalized estimating equations) to account for potential intrafamily correlations. 41, 42 The impact of treatment variables on not meeting CDC guidelines for physical activity and for an inactive lifestyle were evaluated in analyses that were limited to survivors only using generalized linear models (log-link and a binomial error term) 43 stratified by sex and adjusted for age at questionnaire completion and age at diagnosis. The frequency of survivors, siblings, and the BRFSS sample who did not meet CDC guidelines for physical activity and who reported an inactive lifestyle was calculated and compared between survivors, both overall and by diagnosis, and for the BRFSS sample using chi-square statistics. Percentages were compared between siblings and the BRFSS sample in generalized linear regression models 43 that were adjusted for age and sex.
Data were evaluated to assure that the assumptions of each procedure were met before statistical testing. Results of multivariate analyses are reported as risk ratios with 99% confidence intervals [CI] . Although analyses were hypothesis driven, because of the large sample size and the multiple comparisons conducted, confidence intervals are reported to 1 decimal place in the tables, adjusted to reflect a P value cutoff point of .001. SAS version 9.1 (SAS Institute, Inc., Cary, NC) was used for all analyses.
RESULTS
There were 9301 survivors and 2886 siblings who were aged 18 years when they completed the 2003 CCSS Questionnaire. This represents 76% of living adult survivors and siblings who were eligible to participate in this survey. Nonparticipants included 2385 survivors and 458 siblings who either actively or passively declined participation and 905 survivors and 27 siblings who were lost to follow-up. Among both survivors and siblings who completed the 2003 CCSS Questionnaire, 12,139 answered the question about inactive lifestyle (99.6%), and 11,805 (96.9%) answered the questions about physical activity. Participant survivors did not differ from nonparticipant survivors by diagnosis or age at diagnosis. Participant survivors and siblings were older, more likely to be women, and more likely to report their race as white than nonparticipant survivors or siblings (P < .001 for all).
The characteristics of the cancer survivors and the sibling comparison group are provided in Table 1 . Cancer survivors were more likely to be men and aged 40 years than siblings. Siblings were more likely to have graduated from college, to be working or caring for a home and family, and to have an annual household income >$20,000. Cancer survivors were more likely than siblings to be underweight and to be never-smokers. Cancer survivors reported less exercise than siblings. Over half of cancer survivors (52%) and slightly less than half of siblings (47%) reported that they did not meet CDC guidelines for physical activity.
The associations between cancer survivor status, specific demographic and lifestyle factors, and activity status are shown in Table 2 . After adjusting for demographic and lifestyle factors, cancer survivors were 1.2 times more likely (99% CI, 1.1-1.3) to report that they did not meet CDC guidelines for physical activity and 1.6 times more likely (99% CI, 1.4-1.8) to report no physical activity during the previous month (inactive lifestyle) than siblings. In the same adjusted models, being a woman, black race, older age, an inability to work, and being either underweight or obese also were associated positively with not meeting CDC guidelines for physical activity and with an inactive lifestyle. Individuals with higher levels of education were less likely to report an inactive lifestyle than those who did not finish high school. Current smokers compared with never smokers and individuals who had BSI scores 63 compared with those who had BSI scores <63 were more likely to report an inactive lifestyle. Table 3 shows the associations between specific cancer diagnoses and activity status by sex. Among women, survivors of brain tumors and leukemia were the least likely to meet guidelines for physical activity. Among men, survivors of CNS tumors and osteosarcoma were the least likely to meet CDC physical activity guidelines. Both men and women survivors in every diagnostic category were more likely than siblings to report an inactive lifestyle. Amputation and cranial radiation also were associated with not meeting CDC physical activity guidelines and with an inactive lifestyle ( Table 4) . Figure 2 illustrates the proportion of individuals who met CDC guidelines for physical activity and the proportion of individuals who reported no leisure-time physical activity over the past month for survivors, siblings, and the BRFSS sample. Survivors were less likely to meet the CDC guidelines for physical activity than the BRFSS reference group, and siblings were less likely to report an inactive lifestyle than the BRFSS group.
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DISCUSSION
The current analysis of physical activity status among a large, heterogeneous cohort of adult survivors of childhood cancer indicates that they are less active than either the siblings in the study or the general population of similar age and sex. Although the findings are statistically significant, the percentage differences in individuals who do not meet CDC physical activity guidelines probably are not clinically meaningful. What is more important is that the prevalence of no activity over than past month is 60% higher among childhood cancer survivors compared with siblings. Our results characterize the features of survivors who are in particular need of interventions that promote physical activity. These include survivors who are women, black, older, underweight or obese, and survivors of CNS or bone tumors, especially those who received cranial radiation or underwent an amputation. Our study population reports less physical activity than other groups of childhood cancer survivors, including adolescents and young adults, [44] [45] [46] but more physical activity than a smaller group of childhood cancer survivors comprised of nearly 50% CNS tumor survivors. 47 y From generalized estimating equations with a binomial distribution and a log link to allow for intrafamily correlation: adjusted for age.
75 childhood cancer survivors ages 11 to 21 years. Just over half of those individuals were women, and 52% were leukemia survivors. Finnegan et al 44 indicated that 81% of childhood cancer survivors who were recruited over the Internet reported being physically active. Those survivors were younger (ages 18-37 years) than our cohort and mostly were well educated, Caucasian women. The proportions of CNS tumor survivors (13% vs 10%) and bone tumor survivors (8% vs 11%) in our cohort were similar to the proportions reported by Finnegan et al, respectively. A small group of adult survivors of childhood cancer in Queensland, Australia were less active, with only 36% reporting sufficient physical activity. 47 That group of individuals included a greater percentage of CNS tumor survivors (43%) and more women (61%) than our study.
Our study is the first to our knowledge reporting differences among percentages of individuals who met the nationally recommended guidelines for physical activity in a large, heterogeneous cohort of cancer survivors, siblings, and a population-based comparison group. Our study included all diagnoses in the CCSS cohort and differed from a previous CCSS report in which the analyses were limited to survivors of acute lymphoblastic leukemia. 48 Our data analyses included data summarized by Florin et al 48 and confirmed and extend the findings that being a woman and receiving cranial radiation are associated with inadequate physical activity. Our analyses also included siblings of cancer survivors, who reported physical activity levels similar to those reported in the population-based group from the BRFSS, dispelling the notion that siblings of cancer survivors who participate in research introduce either healthy or sick participant bias into the study design. 49 The demographic and treatment-related risk factors identified in our analyses are supported by other investigators who have demonstrated lower than expected levels of physical activity among adults who were treated for CNS malignancies and bone tumors during childhood, particularly among women survivors. Odame et al 50 reported
reduced physical activity levels in a group of 25 survivors of childhood CNS tumor who were ages 5 to 29 years at evaluation, with scores on 2 different activity indices lower among those who received cranial radiation compared with those who did not receive cranial radiation. Gerber et al 51 evaluated 30 survivors of pediatric sarcoma and reported that 67% had activity levels below the 50th percentile for their age and sex. Problems were most pronounced among those with lower-extremity or trunk lesions and among women. Several study limitations should be considered in the interpretation of these results. First, physical activity was evaluated with self-report data that could not be validated. However, over-and under-reporting of physical activity were evaluated in 1 study that compared self-reported physical activity on the BRFSS survey with objective monitoring using motion sensors and a heart rate monitor. 52 The authors of that report observed 80% agreement between the 2 methods of classifying individuals who did or did not meet the national recommendations for physical activity. In addition, 2 of the personal/demographic variables in our model that influenced physical inactivity, obesity and employment status, were measured simultaneously with the physical activity outcomes. Therefore, we cannot be sure of the direction of these associations. Participants may have an inactive lifestyle because they are obese or may be obese because they have an inactive lifestyle. Participants may have an inactive lifestyle because they are busy looking for a job, or they may be unemployed and sedentary because disability prevents their participation in either activity. Finally, these analyses include cancer survivors who were treated between 1970 and 1986. Because therapy has evolved in response to the documentation of medical late effects, fewer children are receiving cranial radiation or amputation as part of treatment. Not all of our results may be generalizable to children who are treated with more contemporary therapy. However, this information is applicable to the large cohort of young adult survivors of childhood cancer who were treated on earlier protocols and to the groups of individuals who still receive chemotherapy that promotes obesity, cranial radiation, and extensive lower-extremity surgical procedures.
In summary, childhood cancer survivors were less likely than members of a sibling comparison group or an age-and sex-matched group of BRFSS survey participants to meet the nationally recommended guidelines for physical activity. Women survivors, survivors with obesity or chronic disease, survivors who received cranial radiation, and those whose treatment required extensive surgical intervention may benefit from targeted interventions that address unique barriers to participation in regular physical activity. 
